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Hccjie^oBaHa AHHaMHKa HaKoiuiemw hohob MejjH TKaMMH JieronHoro MOJimocica Pla- 
norbarius corneus . IIpoaHajiH3iipOBaHa 3aBiiciiMOCTi> co^ep^caHHM Me ah b TKaH^x He3apa- 
^ceHHtix h 3apa^ceHHtix TpeMaTo^aMH mojijiiockob ot ee KOHijeHTpaiuiH b ORpy^caiomeii 
cpe^e. BHe 3aBHCHMOCTH ot coAep^amifl Me/jH b Bo^e y 3apa^ceHHtix yjiHTOK BBDiBJieH no- 
BBIineHHBIH ypOBeHB (^eHOJIOKCHAa3HOH aKTHBHOCTH. 

Kmoueeue cjioea : (j)eHOJiOKCHAa3a, THp03HHa3a, mojijiiockh, Planorbarius corneus , ce- 
pe6po, MeTa6ojiH3M Me^H, TpeMaTOABi, Plagiorchis sp. 


Ba^CHyio pojib b peajnmijHH ryMOpajibHOro HMMyHHOro OTBeTa y 6ecno- 
3BOHOHHbIX HTpaiOT aKTHBHbie MeTa60JIHTbI KHCJIOpOAa (AMK), BblAeJIHIOmHeCH 
npH npoHHKHOBeHHH b opraHH3M ny^cepOAHoro (jmKTopa. OcHOBHoe KOJnraecT- 
bo AMK npH pa3BHTHH HMMyHHbix peaKijHH o6pa3yeTCH npH aKTHBaijHH m e^b- 

COAep)KamHX (})eHOJTOKCHAa3, npOHBHHIOmHX THp03HHa3Hyi0 aKTHBHOCTb- TH- 

p03HHa3. AKTHBHaa THpo3HHa3a oSHapy^ceHa b njia3Me h KJieTKax reMOJiHM(|)bi 
pa3JiHHHbix 6ecno3BOHOHHbix (Wang et al., 2011; Dudzic et al., 2015; Winka et 
al., 2017) h b KyTHKyjie HaceKOMbix (rnynoB h ^p., 2009). HMeiOTca TaK^ce 

AaHHbie O IIpHCyTCTBHH (|)eHOJIOKCHAa3 B MBHTHH, KHineHHHKe H HeKOTOpbIX 
Apyrnx opraHax mojijiiockob (Luna-Acosta et al., 2011; Zhou et al, 2012; Huan 
et al., 2013; Jiang et al., 2014; Yu et al., 2014). IIoAoSHbie CBe/jemra ^aiOT 
ocHOBaroie am npeAnoJioJKemm, hto CTaTyc MejjH KaK KocjiaKTopa y 6ecno3Bo- 
hohhbix nrpaeT Ba^KHyio pojib b peajnmuHH HMMyHHOro OTBeTa. /Jjhi 6ecno- 
3BOHOHHBIX HMeiOTCfl CBeA^HIIH O COACp^KaHHH Me^H B pa3HbIX OpraHax H TKa- 
hhx (KnpHHyK h aP-, 2002), OAnaKO AaHHbix o ee MeTa6ojin3Me h CHCTeMax bbi- 
Be^emm HeT. 
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HeCMOTpfl Ha TO HTO MexaHH3MbI yCTOHHHBOCTH Hapa3HT0-X03iIHHH0H CHC- 
TeMbi «TpeMaTOAM —mojijiiockh» HpHBJieKaioT MHoroHHCJieHHLix Hccne^OBaTe- 
jieft, paGora, HOCB^meHHbie pojiH Me ah b 3ain,HTHbix peaKunux mojijhockob 
(BKjnonan jieroHHbix) OTcyrcTByiOT. B tom hhcjic He H3yneHO BJiHHHHe Me^H, 
HaxoA^meHCfl b BH^e HeopraHHnecKHx cojieii hjih hohob b cocTaBe OKpy^ca- 
tomeii cpe^Bi (HanpHMep, b bo Ae hjih House), Ha aKTHBHOCTb (|)eHOJiOKCHAa3 
nyjibMOHaT. CooTBeTCTBeHHO i^ejibio HCCJieAOBaHHH CTajia oueHKa AHHaMHKH 
HOCTyHJieHHfl H BblBeAeHHH MeAH B TKaHHX MOJIJIIOCKa, aHaJIH3 B3aHMOCBH3H 
Me)KAy KOHH,eHTpaH,iDiMH Me^H b oKpy^caiomeii cpeAe h b MOJunocKax, a TaK^ce 
aKTHBHOCTbio (J)eHOJiOKCHAa3bi y nyjibMOHaT — He3apa5KeHHbix h 3apa)KeHHbix 
TpeM aTO a aMH. B KauecTBe MOACJibHoro oGneKTa b pa6oTe HCH 0 Jib 30 BajiH yjiH- 
tok Planorbarius corneus (Gastropoda, Pulmonata) (Linnaeus, 1758), a™ ko- 
TOpbix HaMH paHee HpoBeAeHa BHAOBau HAeHTH^HKaijHn (Prokhorova et al., 
2015). 

/Jjhi H3yneHH5i pojiH MeAH b (])H3HOJiorHHecKHx npoijeccax h ee pacnpeAe- 
jieHHM b TKaHflx MJieKOHHTaioiniHx HCHOJib3yiOT cojih cepeGpa, TaK KaK aTOMbi 
cepeGpa H303JieKTpoHHbi aTOMaM MeAH b coctouhhh okhcjichidi (I). EjiaroAapu 
3TOMy cepeGpo choco6ho BbiMemaTb MeAt (I), a TaoKe HaKanjiHBaTbcu b ne- 
neHH h Apyrax AeHTpax MeTa6ojiH3Ma MeAH, co3AaBau ee a^(|)huht (Ilyechova 
et al., 2014). Mbi HpHMeHHJiH aHajiorHHHbiii hoaxoa b OTHomeHHH yjiHTOK 
P. corneus c uejibio royueroDi bo3mo)khocth cboGoahoto HOCTynneHnu cepeG- 
pa/MeAH H3 OKpy^KaiomeH cpeAti b hx TKaHH h chocoGhocth opraHH3Ma moji- 
jiiocKa k HaKOHJieHHio h BbiBeAeHHio 3 thx MeTajuioB; AH^epemiHaiiHH h hoa- 
Aep)KaHHK) HX KOHU,eHTpaU,HH B pa3JIHHHbIX TKBHHX. 


MATEPHAJI H METOflHKA 

UccjieAOBaHHe BbiHOJiHeHO Ha Mojunocicax Planorbarius corneus H3 bo- 
AOeMOB JleHHHTpaACKOH 06JI. HACHTH^HKaiUni HyJIbMOHaT HpOBOAHJiaCb KaK 
HO MOp^OJIOrHHeCKHM, TaK H HO MOJieKyJHIpHO-reHeTHHeCKHM HpH3HaKaM 
(Prockhorova et al., 2015). ^jih aHajiH3a oTGnpajiHCb oco6h c AnaMeTpoM paKo- 
BHHbi 25 ± 3 mm, codpaHHbie b jieTHHH HepnoA b 2013—2015 r. 

B 3KcnepHMeHTax ho yCTaHOBjieHHio pacHpeA^JieHHH MeAH b tk&hslx h op- 
raHax, HOAAep^caHHio ee roMeocTa3a, HCHOJib30BajiH mojijhockob, coGpamibix 
Ha TeppHTOpHH hoc. BbipHua HemnirpaACKOH o6ji. 3apa^ceHHOCTb mojijhockob 
aHaJIH3HpOBaJIH HO 3MHCCHH U,epKapHH, a H03AHee yTOHHUJIH HpH BCKpbITHH. 
J\jm OKCHepHMeHTa HCHOJib30BajiH 20 He3apa^ceHHbix mojijhockob, KOTopbix ao 
Hanajia OKcnepHMeHTa coAep^cajin b boaohpoboahoh (|)HJibTpoBaHHOH boac Ha 
HpoTH^ceHHH 3 HeAejib. Bee MOJiJiiocKH Gbijih pa3AejieHbi Ha 4 paBHbie rpyHHbi. 

B AajibHeiimeM oco6h 1-h rpyHHbi coA^p^cajiHCb b TeneHne 10 ahch b boac 
c AoOaBJieHneM HHTpaTa cepeGpa (Ag-cpeAa) ao kohouhoh KOHn,eHTpau,HH 
125 mkt/ji. OcoGeii 2 -h h 3-h rpynn TaK^ce coAep^cajin b Ag-cpeAe b Teuemie 
10 cyr, a 3aTeM b ^HJibTpoBaHHoii boaohpoboahoh boac 3 h 7 cyr cootbctct- 
BeHHO. KoHTpojibHyio rpyHHy cocTaBHJin mojijhockh, coAep)KaBmHecn b boac 
6e3 AoSaBJieHHn cojieii MeTajuioB. 

reMOJIHM(J)y, B3M iyK) y MOJIJHOCKOB H3 I OJIOBHOI O CHHyCa, pa36aBJHIJIH aHTH- 
KoaryjinpyiomHM 6y(J)epoM. ^ajiee npoGbi ueHTpH^yrnpoBajiH (800 g, 5 mhh) 
AJIH OCa)KAeHHH KJieTOK. /JjM OU,eHKH aKTHBHOCTH paCTBOpHMOH THp03HHa3bI H 
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H3MepemDi KOHijeHTpaijHH MeTajuiOB b reMOJiHM(^e ncnojn>30BajiH nojiyneH- 
hbih cynepHaTaHT. Ilocjie b3jtodi npo6bi reMOJiHM(|)bi npoBOflHJiH ^HCceKt^HK) 
TeJia MOJiJiiocKa Ha (jiparMeHTbi: roJiOBy, Hory, roHaay, MaHTmo, renaTonamcpe- 
ac. J\jik n3MepeHn^ KOHu,eHTpau,nn aTOMOB Me^H h cepe6pa OToSpaHHbie TKaHH 
b TeneHHe 48 n pacTBopmiH b CMecu KOHH,eHTpnpOBaHHOH a30THofi khcjiotbi c 
boaoh (1:1) npH 50 °C. KoHijeHTpaijino MeTajuiOB H3MepajiH mctoaom aTOMHO- 
aAC0p6u,H0HH0ii cneKTpo(j)OTOMeTpHH Ha cneKTpOMeTpe ZEEnit-650 (Analytik- 
Jena, repMaHira) c ojieKTpOTepMHnecKHM aTOMH3aTopaMH h 3eeMaHOBCKHM h 
ACHTepHeBbiM KoppeKTopaMH HecejieKTHBHoro noraomerora. jih onpeAene- 
hha KOJiHHecTBa m eAH h cepe6pa Ha eAHHinjy Maccbi cbipoii TKaHH nojiyneH- 
Hbie AaHHbie npeo6pa30BbiBajiH c yneTOM pa3BeAeHHJi h hcxoahoh Maccbi 06- 
pa3u,a. 

B 3KcnepHMeHTax no H3yHeHnio HaKornieroin MeAH b tk&hkx b ecTecT- 
BeHHblX yCJlOBHJIX H ee BJIHHHHH Ha 3KCTeHCHBH0CTb 3apa)KeHH5I MOJIJIIOCKOB 
H3MepeHHe aKTHBHOCTH THp03HHa3bI H KOHU,eHTpau;HH MeAH npOBOAHJIH B 
njia3Me reMOjnnvnjibi h TKairax renaTonamcpeaca. Mojijhockh 6bijih co6paHbi 
b 4 BOAoeMax, pacnoJioJKeHHbix Ha TeppHTopHH nocejncoB Bbipmja (raTHHH- 

ckhh p-H) h Ky3bMOJiOBCKHH (Bccbojio)kckhh p-H): CTaHunn N° 1 (npyA)- 

59°41'35" c. hi., 30°30'90" b. a 7 CTaHH,im N° 2 (npyA) — 59°41'48" c. hi., 
30 o 31'58" b. a-; CTaHAHH JNTs 3 (p. OpeAOK) — 59°41 '16" c. hi., 30°30'47" b. a-; 
CTaHuna JSfe 4 (KaMeHHbiii pyn.) — 60°09'06" c. hi., 30°49'81" b. a- B ncone- 
AOBaHHH Hcnojib30BajiH KaK He3apa^ceHHbix mojijiiockob, TaK h 3apa)KeHHbix 
TpeMaTOA^MH Plagiorchis sp. (ceM. Plagiorchiidae) (ATaeB, 2014). C AeJibio co- 
xpaHeHHn npHpOAHOH KOHH,eHTpaH,HH MeAH b TKaH^x mojijiiockob npH HX 
TpaHcnopTHpOBKe h jia6opaTOpHOM coAep^annn Hcnojib30Bajiacb boab h3 bo- 
AoeMa, rAe npoBOAHJicn c6op yjiHTOK. 

Hajinnne aKTHBHOH THp03HHa3bi b njia3Me reMOJiHM(^bi onpeACJiHJin kojio- 
pHMeTpHnecKH no CTeneHH oKHCJiemni JI-^OIIA — cnenjHjiHHecKoro cyScTpa- 
Ta a™ THp03HHa3. KoHTpOJIb CneipH^HHHOCTH OKHCJieHHfl BbmOJTHHJTH no HHTH- 
SnpoBaHHK) peaKAHH THOMoneBHHOH. noJiyneHHbie pe3yjibTaTbi aHajiH3npoBa- 
jih A^HCHTOMeTpHnecKH c noMOin,bio nporpaMMbi cbo6oahoto AOCTyna ImageJ, 
HOpMHpy^ ABHHbie K KOHH,eHTpaH,HH TOTaJIbHOTO 6eJlKa. KOHAeHTpaAHK) TO- 
TajibHoro 6eJiKa b npo6ax H3MepmiH cneKTpo^OTOMeTpHnecKH no EpeA^oPAy 
(Bradford, 1976). 


PE3YJIbTATbI H OECY^EHHE 

B xoAe 3KcnepHMeHTOB noKa3aHo, hto cepe6po cnocoSHo nocTynaTb n Ha- 
KanjinBaTbCii no-pa3HOMy b pa3JinnHbix TKaroix n opraHax P. corneus. Han- 
6ojibuian KOHH,eHTpau,nn cepe6pa OTMeneHa b renaTonaHKpeace (pnc. 1, A). 
npH 3TOM KOHAeHTpaAHU MCAH B TKBHHX, 3a HCKJIlOHeHHeM reMOJIHM^bl, CHH- 

^caeTCH (pnc. 2, A). Ilocjie otmchbi Ag-cpeAti HannHaeTCa BbiBeA^Hne cepe6pa 
(pnc. 1, B , Q, a KOffljeHTpaijHfl mcah b TKaroix BOCCTaHaBJinBaeTCa ao koht- 
pOJibHbix 3HaneHnn (pnc. 2, 5, C, D). 

/J,aHHbie o AH(J)4)epeHiiinajibHOM nocTynjieHnn n HaKonjieHnn cepe6pa n Me- 
AH yKa3biBaioT Ha cymecTBOBaHne cncTeMbi Kompojm noAAepjKamra roMeocTa- 
3a MeAH y P. corneus. Elpn otom HanSojibinyio AHHaMHKy A^MOHCTpnpyeT 
renaTonaHKpeac, hto A^JiaeT ero HanSojiee b ep oathbim KaHAHAaTOM Ha pojib 
AeHTpajibHoro opraHa MeTa6ojiH3Ma MeAH. ^aHHoe npeAnojioJKeHne TaKJKe 
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\ ToHa^a 

□ renaTonaHKpHac 
Hora 
ToiioBa 
TeMonHM(j3a 



Phc. 1. Co,qep5KaHHe cepe6pa b TKaHax MonniocKOB. 
no och op^HHaT — KOHaeHTpaaHa cepe 6 pa Mr/r ctiporo Beca (opraHbi) h mkiYmji (reMOJiHM(|)a). no och a 6 c- 
u;hcc — 3 KcnepHMeHTaatHbie rpynnti. A — mojijuockh, co^epacaBinHecs b Ag-cpe/je 10 /men; B — 3 cyT nocne 
OTMeHBi Ag-cpe/jbi; C — 7 cyT nocne otmchbi Ag-cpe^ti. nopa^oK cooTBeTCTBHS 3 HaneHHH b Kaac^oH rpynne: 
roHa/ja, renaTonamcpeac., Hora, ronoBa, reMOJiHM(j)a. 

Fig. 1. Concentration of silver in tissues of mollusks. 


nOAKpemmeTCfl (JiyHKijHOHajibHOH aHanornen renaTOnaHKpeaca c neneHbK) no- 
3BOHOHHbIX )KHBOTHbIX, y KOTOpbIX HMCHHO OHa JIBJIJieTCfl IjeHTpaJIbHblM Opra- 
hom Me^noro MeTa6ojiH3Ma. 

B pe3yjibTaTe HccJieAOBaHHJi, npoBeAeHHoro Ha MomnocKax npHpoAHbix no- 
nyjnnniH, 6biJin oSHapy^ceHbi cneAyiomHe 3aKOHOMepHOCTH. BHe 3aBHCHMOCTH 

ot coAep^amra Me^n b ofcpy^aiomeH cpeae (pnc. 3), KOHijeHTpan;H5i Me^H b re- 
MOJiHM^e no^cp^cuBaeTC^ Ha nocTO^HHO hh3kom ypOBHe (pnc. 4). Taioice ot- 
cyTCTByeT KoppejMinra coAep^caHH^i Me^H b reMOJiHMcjie ot 3apa^ceHHOCTH 
MOJIJHOCKOB (pHC. 4). AKTHBHOCTb THp03HHa3bI reMOJIHM(})bI He 3aBHCHT OT KOH- 
neHTpan,HH mcah b boao, ho AOCTOBepHO Bbime y 3apa)KeHHbix mojijhockob 
( pnc. 5). Ha6jiK>AaeMbiH cTpormi kohtpojib nocTynjieHHH Me^H b reMOJiHM(|)y 
yKa3biBaeT Ha cymecTBOBamie cneipiajiH3HpoBaHHbix TpaHcnopTHbix nyreft ne- 
pe^ann Me^H h kohtpojw npoAyKifHH MeAtcoAep^canfHx (jiepMeHTOB, b nacTHo- 
CTH (J)eHOJIOKCHAa3bI reMOJIHM(|)bI. 

npocjie)KeHa npaMaa KoppejMLnra Me)KAy KOHneHTpanHeii MeAH b 0 Kpy)Ka- 
K>in;eH cpe^e h ee coAep^caHHeM b renaTonaHKpeace P. corneus (pnc. 3,6), hto 
noATBep^CAaeT npeAnono^ceHHe 06 oco6oh pojih ototo opraHa b MeTa6ojiH3Me 
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KoHU,eHTpau,Hii Meqq, MKr/MJir ctiporo Beca (opraHbi) h MKr/MJi (reM0JiHM(})a) 



Phc. 2 . Coqep^aHHe Meqn b TKaHax mojijiiockob. 

no och op^HHaT — KOHijeHTpaijHJi Me/jH, MKr/MJir ctiporo Beca (opraHbi) n mkt/mji (reMonnivnjia). no och a6c- 
qncc — OKcnepHMeHTantHbie rpynnti. A — mojijiiockh, coqepncaBinnecn b Ag-cpeqe 10 qHen; B — 3 cyT nocne 
OTMeHti Ag-cpe^bi; C — 7 cyT nocne otmchbi Ag-cpeqti; D — KOHTponbHan rpynna. nopa^OK co otb eTCTB ha 
3HaneHHH b Kanc^on rpynne: roHaqa, renaTonamcpeac, Hora, ronoBa, reMOHHM(J)a. 

Fig. 2. Concentration of copper in tissues of mollusks. 



Phc. 3. KoHqeHTpaqna Meqn b Boqe b TOHKax c6opa MaTepnana. 
no ocn opqnHaT — KOHqeHTpaqnn Meqn (MKr/n); no och adcqncc — HOMep CTaHqnn. 
Fig. 3. Copper concentration in the water of the studied stations. 
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Phc. 4. KoHqernpaqHfl Meqn b reMOJiHM(j)e MonniocKOB H3 pa3JiHHHBix BoqoeMOB. 

Ilo och op^HHaT — KOHqeHTpaqna Meqn (Mr/MJi); no ocn a6cnncc — HOMep CTaHqnn. CooTBeTCTBne 3HaneHHn: 
6ejibie CTOJi6qbi — He3apa^ceHHbie mojijiiockh, 3aniTpnxoBaHHbie CTondqti — mojijiiockh, 3apaaceHHbie TpeMaTO- 

aaMH Plagiorhis sp. 

Fig. 4. Concentration of copper in the hemolymph of mollusks from various stations. 


Me^H y mojtjtiockob. Tapoxe noKa3aHo, hto y 3apa^ceHHtix KaTymeK H3 Bcex bo- 
Aoe mob nponcxoAHT AOCTOBepHoe cronKeroie KomjeHTpaijHH Me^n b TKaroix re- 
naTonaHKpeaca (pnc. 6). BepoflTHO, 3to CBJi3aHO c /jerpaflatqteit nopa)xeHHbix 
TpeMaTOflHOn HHBa3neit TKaHeit. Oco6bin HHTepec Bbi3biBaeT cnoco6HOCTb npe- 
CHOBOAHbix mojijiiockob k a^anTai^HH b mnpoKOM ,qHana30He KOHn,eHTpan,nit 



Phc. 5. Akthbhoctb (J)eHonoKCHqa3ti b reMOJiHMtjie. 
no ocn opqHHax — 3HaneHHe aKTHBHOCTH (oTHOCHTenbHbie eqHHHqbi); no ocn a6cqncc — HOMep CTaHqnH. Co- 
OTBeTCTBHe 3HaneHHn: 6entie CTOjidqbi — He3apa^ceHHbie mojijiiockh, 3aniTpnxoBaHHbie ctoji6iji>i — mojijiio- 
ckh, 3apa^ceHHtie TpeMaToqaMH Plagiorhis sp. 

Fig. 5. Activity of phenoloxidase in hemolymph. 
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Phc. 6. 3aBHCHM0CTB co,qep^caHHa mqru b renaTonamcpeace MonniocKOB ot 3ap anemia Pla- 

giorhis sp. 

Ilo och op/jHHaT — KOHaeHTpaaHa Me^H, mt/t ctiporo Beca; no ocn a6cancc — HOMep CTaHUHH. CooTBeTCTBne 
3HaneHHn: 6eni>ie ctoji6ui>i — He3apa^ceHHBie mojijiiockh, 3amTpnxoBaHHbie ctoji6ubi — mojijiiockh, 3apaaceH- 

Htie TpeMaxo^aMH Plagiorhis sp. 

Fig. 6. Dependence of the copper content in the hepatopancreas of mollusks upon the infection by 

Plagiorhis sp. 


Me^n b oKpyiicaiomeif cpe^e — ot cue^OBtix KOJimecTB /jo 46.5 MKr/ji, hto 
cocTaBJineT 1/20 ot KOHu,eHTpau,nn, /jonycTHMon j\jik opraHH3Ma nejiOBeKa 
(CaHnnH2.L4.il 16-02). 
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INVESTIGATION OF THE COPPER CONTENT IN TISSUES 
OF THE MOLLUSK PLANORBARIUS CORNEUS AND INFLUENCE 
OF THE TREMATODE INFECTION ON THE PHENOLOXIDASE ACTIVITY 

OF THE HAEMOLYMPH 

P. S. Babich, P. S. Kudryavtseva, Yu. A. Orlov, G. L. Ataev 

Key words : phenoloxidase, thyrosinase, mollusk Planorbarius corneus , silver, copper, me¬ 
tabolism of copper, trematode, Plagiorchis sp. 

SUMMARY 

The dynamics of the accumulation of copper ions by the tissues of the pulmonary mol¬ 
lusk Planorbarius corneus has been studied. The dependence of the copper concentration 
in tissues of non-infected and trematode-infected mollusks on its concentration in the envi¬ 
ronment has been analyzed. Regardless of the copper concentration in water, trematode-in¬ 
fected mollusks have an increased level of phenoloxidase activity in hemolymph. In the ex¬ 
periment it was shown that silver — an isoelectronic double of copper — is capable to enter 
and accumulate by different ways in various tissues and organs of P. corneus. The highest 
concentration of silver is found in the hepatopancreas. At the same time, the concentration 
of copper in tissues, with the exception of the hemolymph, decreases. After the abolition of 
the Ag-medium, the excretion of silver begins, and the concentration of copper in tissues is 
restored to control values. As the result of research, done on mollusks of natural populati¬ 
ons, the following patterns have been found. Regardless of the copper concentration in the 
environment, its concentration in the hemolymph is maintained at a constantly low level. 
There is also a correlation between the copper content in the hemolymph and the trematode 
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infection of mollusks. The activity of the hemolymph tyrosinase does not depend on the 
copper concentration in water, but is significantly higher in infected mollusks. The obser¬ 
ved strict control of copper entering to the hemolymph indicates the existence of speciali¬ 
zed transport routes for the copper transfer and control of the production of copper-contai¬ 
ning enzymes, in the hemolymph phenoloxidase particularly. A direct correlation between 
the copper concentration in the environment and its concentration in the hepatopancreas of 
P. corneus has been found. 
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